(i9)B*B*m/T (jp) (12) ^ Jjgp |^ & ^ (a) im&vHhmtemmn 

#^¥10-213308 

(43)&8BB ¥*£10^(1998) 8/1110 



(Bl)lntCL 6 
F23C 
FO IK 
FO 2B 
F02C 



11/00 
25/00 
43/10 
3/22 
3/30 



3 0 2 



F I 

F 2 3 C 
F 0 IK 
F 0 2 B 
F02C 



11/00 
25/00 
43/10 
3/22 
3/30 



OL 



3 0 2 

B 
B 

C 

(± 4 H) 



(21)ttW#ff 


1*H¥9- 15245 


(71)fflHA 


000006208 










(22>tH«0 


spfiK9*f(1997) 1£29B 










a2mmm 


mm 








c^#Br»f s 2 t a i » i ft 
















2£# MM 








&B!&itsvptim#mim 2 tb 1 # 1 n 






































(74)«SA 













(54) GSWrofcfH < **«M8 

(57) imm 

f l 3 0ifeJB«)|(E**|lj?L5*»e,il**sWJ&Sixi(Ble*: 
^A/fc'Tjc^i 0 kttZ. Ofi, 



10 q 2S* 

9 1/7 J 13 




(b) 



J 

[ w*« n 7K m t mm zmm a *t z> 7K m • mmmm 

[0 0 0 1 ] 
[0 0 0 2] 

(a) , (b) CiTjvrJ: 5 *JR**H«+iz:7k»3 

4 {r 7 K^«tH?L 6 fc K**U17L 5 SrSfS^E U ffiMW 
rtfil 9 rt(07WR«*jcH#Sr"«ai--5 r. t \z X o -CMSMI 

[0003] ±^(dx o ttmmmmx^ mt&twk 
tt^ 0 -r/jcfo*>. 5- (b) -frmmm 

12TB5 ( a ) ir^-T J: 5 l£*JK*ttte?L 7 a> ib7K3£ 
[0 0 0 4] 

L J: 5 irtSll] b^U ^^MKttS 
3, K*2p#ojR*^3tBS*t. *fcW#a*j:<»fr 
MWl l*r»#"rs«3tfc LTt), *R«E«int7K*3 

[0 0 0 5] Sfc, -ft«WMR«l l -ett, «R*»9IS 
KM&l 0 0 0 ( t^< ±m 

[oooe] «*o*«asiKfc*e>*tfc±B 



(2) 10-213308 

2 

[0 0 0 7] 

[ooos] z<D±?izmj&^tc*&w<D7km -mmm 
x^\cmm^m^\m^t^mxmmm^m< . 

[0 0 0 9] J: • »*«&jfc»-Cttu g£Ht 

[0 0 10] 

[0011] Hll:fe^T, nffi8frKWtmm&Wl 3 
^Sn^>7K^M 1 i^fl^W^SB^ 1 3 Sr&TlfeiMtttl 

[0012] «s<^y x/w 4^^,d7K^3 Tb^mmmn e 
[ooi3] z<D£o\zmj$ztitz.mi<D7\<Lm -«tmm 

* l 8 iiffttrtll 9 ©BSao TMiix 
*ttfcH*«»E»l 3(Oife*H^KWfe»*i!fta?L5^ 

[0014] ^5 vxmm^AytzpmM i o mm 

Srtffi 9 coR^) JiH^c<li^(^RM Ufc**««»?L 7 J: 
9 MMWrtffi 9 F^icA^o -B l -e«:JHMSS»rt« 9 co$i^ 
l^iczilS:<07j<:^*^?L7^^tbTi^^ x W&\^£ 

[0 0 15] »VX>4^^1^«9^H 

T»t5 0 U^LHl (b) ^-T-t5«2:JIRJft»J:« 
50 «-ew, »*^J£o^^K**jcft^o/t^tt^«Wft^ 



-2- 



3 

[0016] *r<a^ 3Efclfc*&*A,fc***i* 10« 

r *^^trt^B^ l it h>k *» w *s w tt e> (Dmrnrnm^ m ' 

[0018] Wtli ilBjBtJKIS-ett,-- f&j&tc J: t? * 
[0 0 19] 

[0 0 2 0] *A.»5^tK». R»o»s«/>i- 

"TIB 1 4 6. 

[mu 



(3) ftfflW- 10-213308 

4 

[Hffi^«*fttt«] 

[El 1 ] *»W<0I06<0— «t8l^ffi5** • ttJMRftS 

a. (b) ^(Dmrn^^mm^m^-rmm 
m n 

[H2] ^^7KiR-S&^j^l&^«tS7K*^K*^ 
0M&;&5£ (RMS) Sr^-rtftWH'C, (a) WtfHBKclfc 
*t><0, (b) *i^Hai^*5R*W*&i--5t<o 

70 [0 3] fe^f&wKSt ■ KlR«Rlft*(-*3^€)7jC3RtK 

m<owffett (mmm-tm.) ^-rmmm, 
im4] '&&<D^\zm<D7m • mmmmm\^tertzfcm 
fc»*tf>flM&2f* fc^-ttainia-e (a) 

(lUiJIi, (b) tejEffil3-C*><5 0 
[0 5] • BJMttWft^tRWH^ 

(a) ll«o«EI»«lJtt«r^rRnB. (b) tt*<z>*B#| 

1 

20 2 . »3f 

3 7kH 

4 Wy xvu 

8 

1 0 K*4r«A/fc*7K**C 
1 1 

30 1 2 #3^^ 

1 3 g&iiit&^ga^ 

[0 2] 




-3- 



4#^¥ 10-213308 



[03] [|S 4] 




X 

ib) 



7ny h^-i/oMt 

(51) Int. CI. 6 KBUIB-9- 
F 2 3 I. 7/00 
F 2 3 R 3/00 

(72)38W# _tft -«l 



F I 

F 2 3 L 7/00 A 
F 2 3 R 3/00 A 

02) mm^ mm m 



-4- 



JP A 10-213308 

Filed on January 29, 1997 and laid-opened on August 11, 1998. 
Applicant: Mitsubishi Heavy Industries, Ltd. 
Inventors: Hiroyuki NISHIDA, et al 

5 

[Title of the Invention] 

Hydrogen and Oxygen Combustor 

[What is Claimed is] 

10 1. A hydrogen-oxygen combustor for burning hydrogen and oxygen, 
characterized in that said combustor is constituted so as to burn by supplying 
steam mixed beforehand with oxygen to hydrogen being injected. 
2. A hydrogen-oxygen combustor according to claim 1, wherein said 
combustor is constituted so that said steam mixed beforehand with oxygen is 

15 supplied to said hydrogen being injected in multi-stages. 

[Detailed Explanation of the Invention] 
[0001] 

[Technical Field of the Invention] 
2 0 The present invention relates to a hydrogen-oxygen combustor 

suitable for use in a hydrogen combustion turbine burning hydrogen and 
oxygen and generating electric power by operating Rankine cycle with the 
generated steam. 
[0002] 

2 5 [Description of Prior Art] 

In conventional hydrogen-oxygen combustors, as shown in Fig. 2 (a) 
and (b), hydrogen 3 and oxygen 2 are jetted in coaxial flows and burnt. Further, 
as shown in Fig. 3 combustion is performed by injecting oxygen 2 into steam 1 



2 

immediately before injection of hydrogen 3. As other conventional hydrogen- 
oxygen combustors, there is a combustor in which, as shown in Fig. 4, 
hydrogen injection holes 6 and oxygen injection holes 5 are arranged 
alternately in a fuel nozzle 4, and combustion is performed by injecting both of 
5 them into steam inside an inner tube of the combustor. 
[0003] 

In the combustor as mentioned above, in order to secure flame- 
stability and suppress embers of hydrogen and oxygen to be extremely little, it 
was practiced to make a flow rate of the steam 1 little and to secure a 

10 combustion zone of high temperature. Namely, the combustor is constructed 
so that combustion flame of high temperature exists in a primary combustion 
zone 11 as shown in Fig. 5 (b), and steam 1 is injected from steam supply 
holes 7 as shown in Fig. 5(a) to make a prescribed combustor outlet 
temperature. In Fig. 5, a number 8 denotes an outer casing. 

15 [0004] 

[Problems to be Solved by the Invention] 

However, in the supply system of hydrogen 3 and oxygen 2 in the 
conventional combustor, the combustion is controlled by mixing of hydrogen 3 
and oxygen 2, combustion reaction begins before the hydrogen 3 and oxygen 

20 2 are well mixed, and even with the above-mentioned construction securing 
the primary combustion zone 11 of high temperature, there is a problem that 
hydrogen 3 or oxygen 2 remains even after combustion and the combustion 
efficiency is bad. 
[0005] 

25 Further, in the primary combustion zone 11, a high temperature flame 

for preventing occurrence of embers and securing the flame-stability exists, 
even an average temperature in the primary combustion zone 11 is much more 
than 2000°C, and such problems existed that a cooling structure of the 



3 

combustion inner tube 9 becomes complicated and much cooling medium is 

needed. 

[0006] 

The present invention solves the above-mentioned problems in the 
5 conventional combustors, and an object of the invention is to provide a 
combustor that the cooling structure for the combustor inner tube is able to be 
simplified by reducing embers of hydrogen and oxygen to be less than those 
by the conventional combustors and lowering the combustion temperature in 
the primary combustion zone. 
10 [0007] 

[Means for Solving the Problems] 

In order to solve the above problems, the present invention provides a 
hydrogen-oxygen combustor constructed so as to mix oxygen with steam 
beforehand and supply it to hydrogen to be injected, thereby to burn them. 
15 [0008] 

According to the hydrogen-oxygen combustor of the present invention 
constructed in this manner, it becomes possible to introduce hydrogen and 
oxygen into the combustor under the condition that oxygen is sufficiently 
diffused in steam by mixing the oxygen with the steam beforehand, 

20 consequently, it is possible to reduce an amount of embers of hydrogen and 
oxygen. Further, in order to reduce amounts of hydrogen and oxygen of 
embers, it becomes unnecessary to form a high temperature combustion zone 
at an upstream side as in the conventional combustors, so that it is possible to 
simplify the cooling structure. 

2 5 [0009] 

In the hydrogen-oxygen combustor according to the present invention, 
by constructing it so as to supply steam mixed with oxygen beforehand to the 
injected hydrogen in multi-stages, hydrogen over-rich combustion is performed 



at an upstream side, then afterburning occurs at a backstage by the supplied 
oxygen-mixed steam, and it is possible to obtain a prescribed combustor outlet 
temperature, so that it is preferable. 
[0010] 

5 [Description of Embodiment of the Invention] 

Hereunder, the hydrogen-oxygen combustor according to the present 
invention is explained concretely, base on an embodiment shown in Fig. 1. 
Further, in the following embodiment, the same parts as the conventional 
apparatuses shown in Figs. 2 to 5 are given the same reference numbers to 
10 simplify the explanation, and duplicate explanation about those is omitted. 
[0011] 

In Fig. 1, oxygen supply tubes 13 are provided on an outer casing 8, 
oxygen jet holes 5 are formed at tips of the oxygen supply tubes 13. Oxygen is 
supplied to steam 1 flowing in an annular space between a combustor inner 
15 tube 9 and an outer casing 8 from the oxygen jet holes 5 via the oxygen supply 
pipes 13, and mixed with steam 1 beforehand. 
[0012] 

Hydrogen 3 is jetted from a fuel nozzle 4 into the combustor inner tube 
9 via hydrogen jet holes 6. The other construction is approximately the same 
2 0 as the combustor shown in Fig. 5. 
[0013] 

In the hydrogen-oxygen combustor of Fig. 1 constructed in this manner, 
steam 1 compressed by a compressor not shown is supplied via between the 
outer casing 8 and the combustor inner tube 9. The steam 1 has oxygen mixed 
2 5 therewith, which oxygen is supplied from the oxygen supply holes 5 provided 
at tips of the plurality of oxygen supply tubes 13 installed at plural positions of 
the outer periphery of the outer casing 8. 
[0014] 



The steam 10 containing oxygen in this manner enters an inside of the 
combustor inner tube 9 from steam supply holes 7 provided at plural positions 
on the periphery of the combustor inner tube 9. In Fig. 1 , the hydrogen supply 
holes 7 are provided in two stages in an axial direction of the combustion inner 
5 tube 9, however, in some cases, it is possible to construct so as to supply the 
steam at a single stage or more than two stages. 
[0015] 

On the other hand, hydrogen 3 injected into the combustor inner tube 9 
from the fuel nozzle 4 is mixed with the steam 10 containing oxygen and burns. 

10 However, at an upstream side of the combustor as shown in Fig. 1 (b), only 
combustion corresponding to a quantity of oxygen is performed because of 
being short in oxygen, so that an average temperature of the combustion zone 
is about a little lower temperature than the temperature at an outlet of the 
combustor. 

15 [0016] 

Subsequently, further it is mixed with the steam 10 containing oxygen, 
whereby the combustion zone of average temperature nearly equal to the 
combustor outlet temperature is formed. The high temperature steam 
produced by the combustion operates Rankine cycle and is lead to the turbine 
2 0 generating electric power. 
[0017] 

The present invention is explained above concretely, based on the 
embodiment, however it is of-course matter that the present invention is not 
limited by the embodiment, and various changes can be added to the concrete 
2 5 construction or structure within the scope of the present invention shown in the 
claims. 
[0018] 

For example, in the above-mentioned embodiment, the hydrogen- 
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oxygen combustor applied for a hydrogen combustion turbine operating 
Rankine cycle using steam generated by combustion to generate electric 
power is explained, however, the present invention is not limited by the 
combustor, but is able to be applied for the hydrogen-oxygen for other uses. 
5 [0019] 

[Effect of the Invention] 

As explained above, in the hydrogen-oxygen combustor according to 
the present invention, it is constructed so that oxygen is mixed with steam 
beforehand and led to the combustor under the condition that the oxygen is 
10 diffused sufficiently in the steam, and hydrogen is jetted into the steam thereby 
to burn it, whereby combustion occurs by only diffusion of hydrogen in the 
steam in which oxygen is homogenously mixed, so that an amount of 
hydrogen and oxygen of embers can be reduced. 
[0020] 

15 Further, since an amount of hydrogen and oxygen of embers is 

reduced, it is unnecessary to form a high temperature combustion zone inside 
the combustor, differently from the conventional apparatus, it is possible to 
perform combustion at an average temperature substantially the same as the 
combustor outlet temperature, so that it is possible to simplify the cooling 

2 0 structure which is complicated in high temperature zone and needs much 
cooling medium as in the conventional apparatus. 

[Brief Explanation of the Drawings] 

Fig. 1 is an explanatory view showing a hydrogen-oxygen combustor 
25 of one embodiment of the present invention, (a) is an explanatory view of an 
outline configuration thereof, and (b) is an explanatory diagram showing an 
average temperature state inside the combustor; 

Fig. 2 is an explanatory view showing a supply system (a coaxial type) 
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of hydrogen and oxygen in a conventional hydrogen-oxygen combustor, (a) 
shows what oxygen is supplied to an outside, and (b) shows what hydrogen is 
supplied to an outside; 

Fig. 3 is an explanatory view of a supply system (immediately before 
mixing type) of hydrogen and oxygen in another conventional hydrogen- 
oxygen combustor; 

Fig. 4 is an explanatory view of a supply system (simultaneous jet 
type) of hydrogen and oxygen in still another conventional hydrogen-oxygen 
combustor, (a) is a side view and (b) is a front view; and 

Fig. 5 is an explanatory view showing a conventional hydrogen-oxygen 
combustor, (a) is an explanatory view showing an outline configuration and (b) 
is an explanatory diagram showing an average temperature state inside the 
combustor. 

[Explanation of Symbols] 

1 steam, 2 oxygen, 3 hydrogen, 4 fuel nozzle, 5 oxygen jet hole, 6 
hydrogen jet hole, 7 steam supply hole, 8 outer casing, 9 combustor inner tube, 
10 steam containing oxygen, 11 dilution zone, 13 oxygen supply tube. 
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